ABSTRACT: The ~nfluence of a trawling moratorium on the breedlng ecology of Audouin's gulls (Larus audouinii Payraudeau) was investigated during 1992 and 1993 in the largest colony of the species in the world (70% of total population), at the Ebro Delta, NE Spain. western Mediterranean. In this colony, Audouin's gull behaves partly as a scavenger following the trawling fleet and exploiting fishing discards. Each year, the trawling moratorium affected different breeding stages of the species: in 1992 it overlapped with pre-laying and laying stages, while in 1993 it affected most of the chick-rearing stage. We examined differences in laying dates, laying interval, clutch and egg slzes, nest desertion during laying, hatching success, hatchling mass and condition, growth rates, chick survival and breeding success. The moratorium greatly affected egg production in 1992, delaying the start of l a y~n g and dramatically decreasing clutch and egg sizes. Intraclutch egg size variation between the 2 years suggests that egg size profiles are outcomes of the interaction between physiological and environmental factors rather than the result of ultimate factors. Nest desertion was much higher in 1992, probably because some females were under a critical body condit~on threshold and they deserted after laying the first egg. Hatching success also decreased significantly during 1992, probably related to changes in the size and the quality of the eggs. Chick growth and survivorship was h~g h e r in 1992, when trawler discards were normally available, than in 1993. Trawler discard availability during chick rearing was more important than egg size in determining chick survival. However, differences were not always significant, since In 1993 the n~oratorium did not start until the chicks were 1 wk old, and, further, chicks had h~g h e r skeletal size and body condition (in order of Importance) than In 1992. In fact, chicks had similar fledgling condition in both years at the end of the reanng stage. In 1993, the overall breeding success decreased by 4 8 % Nevertheless, gulls' breed~ng performance for the 2 years was much lower than before the establishment of the flrst moratorium In 1991, and the situation suggests that clupeo~ds, the prey on wh.ich Audouin's gull feed, are scarce. It seems that gulls were not able to compensate for the lack of trawler discards during egg production, since the avallablllty of secondary feeding resources was much lower in March and April (pre-laying and laying stages) than in June (chick-rearing stage). Although in long-lived species a decrease in food supply should affect fecundity before affecting adult survival, results confirm the importance of the trawler fleet activity for the conservat~on of this threatened species.
INTRODUCTION
The relationship between commercial fisheries and seabirds has attracted much recent attention (e.g. Furness 1982 , Nettleship et al. 1984 , Croxall 1987 . In some cases, fisheries are thought to compete with seabird communities for fish stocks (Furness 1982 , Monaghan 1992 and references therein). In other cases fisheries are considered to favour growth of seabird populations through the exploitation of offal and discarded fish from fishing boats, which has been recorded especially in northern Europe (e.g. Hudson & 0 Inter-Research 1996 Resale o f full artlcle not permitted Furness 1988 , Furness et al. 1992 , Garthe & Hiippop 1994 . However, Bailey & Hislop (1978) stated that it was impossible to find any unequivocal proof that offal discarded by fisheries had been the major factor in the increase of any seabird population. Nevertheless, in the Ebro Delta area, NE Spain (western Mediterranean), where the trawllng fishing fleet has upheld a yearly moratorium of 2 mo since 1991, confirmation has been provided of the importance of trawler discard availability for the reproductive performance of some seabirds breeding there, such the yellow-legged gull Larus cachinnans or the lesser black-backed gull L. fuscus (Oro et al. 1995a , Oro 1996a . The trawling moratorium also overlaps with the Audouin's gull breeding season, though it starts on different dates and hence affects different reproductive stages each year The main effect of this moratorium period is a short food supply for many seabird species breeding there (Oro et al. 1995b , which causes a decrease In breeding parameters (Paterson et al. 1992 , Oro et al. 1995a .
Audouin's gull is one of the few endemic seabirds of the Mediterranean region. Just 15 yr ago its population was estimated to be very small, and threatened (Cramp & Simmons 1985) . However, in 1981 a new colony was established in the Ebro Delta, and since then the colony has grown dramatically to become the largest in the world, comprising more than 10000 pairs i.n 1994 (about 7 0 % of totdl world population) (Pedrocchi & Ruiz 1995) . This increase has been attributed to the exploitation of discards from the local trawler fleet (Oro & Martinez-Vilalta 1992 .
The influence of food supply on the breeding performance of seab~rds has been extensively examined in recent years, in both natural (e.g. Monaghan et al. 1992 , Hamer et al. 1993 , Uttley et al. 1994 ) and experimental conditions (e.g Hiom et al. 1991 , Bolton et al. 1992 . As emphasised by Bolton et al. (1992) , some reports on feeding experiments failed to state whether breeding performance of control birds in the year of study is typical for the species. In contrast, studies in natural conditions are hard to carry out because of the great diff~culty in manipulating marine food supplies experimentally ). In the Ebro Delta, the establishment of a trawling moratorium has allowed us to compare 2 si.tuations with great differences in food availability, since: (1) the diet of Audouin's gull contains a high proportion of trawler discards; and (2) local fishery data demonstrate marked recent reductions in clupeoid availability. Thus, this can be viewed as a natural experiment of dramatic reduction of food availability for the whole colony. Although the axiom 'the poorer the feeding situation the higher the frequency of parental failure' (Hario 1990 ) is essentially true, the different results on seabird response recorded in natural experiments suggest that parental capacity to overcome a situation of low food availability seems to depend on the species (Baird 1990 , Hamer et al. 1993 ) and/or the magnitude of the change (Martin 1987) . Moreover, differences in food availability may occur within the same breeding season (Murphy et al. 1984 , Oro & Martinez-Vilalta 1994a , Oro et al. 1995a , and ~ntraspecific differences can even be found depending on the colony and its ecological features (Hunt et al. 1986 .
Although previous studies have dealt with the effects of the trawling moratoriu.m on the breeding success of other seabird species breeding here (Oro et al. 1995a , Oro 1996a ), the present study includes the effects of this moratorium on other breeding parameters, such as egg-size variability, laying interval, hatching success and chick growth, through comparisons between 2 breeding seasons (1992/1993) . In 1992 the moratorium started at the pre-laying and laying stages, while in 1993 the moratorium started later, overlapping with most of the chick-rearing stage (Fig. 1) . Moreover, while the studies above did not consider the differences among individuals, the present work deals with marked pairs, which provide a 'pair response' to the moratorium. This study also makes it possible to compare the responses of 3 seabird species to a situation of low food availability: those of the yellow-legged gull (considered an opportunistic and dominant species; Oro et a.1. 1995a), Audouin's gul.1 (considered a nocturnal specialist in catching clupeolds, present study), and the lesser black-backed gull (a species ecologically between the above two; Oro 1996a).
METHODS
Study site. The study was carried out during 1992 and 1993 in the Punta de la Banya (40' 37' N, 00' 35' E, Ebro Delta Natural Park, NE Spain), a sandy flat peninsula of 2500 ha with a patchily distributed mosaic of brackish marsh and small dunes covered by halophilous vegetation.
Egg production. Breeding phenology: To determine the start of the laying period, each year a linear transect was established through 2 previously known main subcolony areas. In order to obtain data as accurate as possible on egg production in this species, where nest predation by yellow-legged gulls is low but can occur (Oro & Martinez-Vilalta 1994a) , transects were visited each day in the early morning to establish date of first egg laying, until no new nests were found. Differences between years were tested using the Mann-Whitney test.
Clutch size and laying interval: To determine clutch size, nest contents from 35 and 69 nests in the linear transect were monitored in 1992 and 1993 respectively to avoid the bias caused by nest predation (Oro & Martinez-Vilalta 1994a) . To detect differences in clutch size between years, contingency tables and the G-test statistic were used.
To determine the laying interval, the same nests were used (35 and 69 nests in 1992 and 1993 respectively) to record the laying dates. Following the beginning of laying, the nests were observed each day to check for new eggs. Differences between years were tested using the Mann-Whitney test, for both 2-and 3-egg clutches.
Egg size variability: On the day of laying, each egg was measured with callipers (length and maximum width to k0.1 mm) and marked according to laying sequence with indelible ink. Egg size was assessed using egg volume estimated through Hoyt's (1979) equation : Chicks were measured every 3 d and chick growth between years was also compared. To detect differences in breeding and fledging success between years, contingency tables and the x2 statistic were used. To check for the difference between years in the slope relating chick body mass and age, an ANCOVA analysis was carried out. To ensure the independence of observations, only l mass measure per chick was used, selected randomly froin the measurements available in the linedr segment of the growth curve (chicks aged between 15 and 30 d ) . Chick condition at hatch was calculated using regression to control for differences in body size, following procedures of Bolton (1991) . Hatchling mass (n = 31 chicks in 1992, n = 106 chicks in 1993) was regressed on tarsus length, and the residuals, expressed as a proportion of the predicted value, were used as a measure of chick condition.
Underlying assumptions of the statistical tests have Egg volume (cm") = 0.000467 X length (mm) X width2(inm) been verified in all cases. Only clutches of 2 and 3 eggs were considered, being the modal clutch sizes in 1992 and 1993 respectively. The first step in the analysis was to assess the relevance of the female effect on egg size variability using a l-way ANOVA for random effect separately for each combination of year and clutch size (2-and 3-egg clutches). To test the effects of year and clutch size we carried out a 2-factor ANOVA on the average volume of the eggs in a clutch. Clutches with known laying order were used to analyze intra-clutch egg size variability. For clutches of 3 eggs we transfoi-ined original data to differences between first and second eggs and between second and third eggs. These differences were assessed through their confidence interval and the variability between years was assessed using the ttest. The equivalent procedure was used with 2-egg clutches.
Hatching success, chick-hatching size, growth and survival. A wire fence enclosure surrounding some nests was used each year to record the number of chicks fledged per pair (17 nests in 1992, 40 nests in 1993). Fence enclosures have been widely used for recording reproductive success of seabird nesting on the ground (e.g. Bolton et al. 1992 , although some effects
RESULTS

Egg production
Breeding phenology
When the trawling moratorium overlapped with the pre-laying and laying stages (1992), laying dates were 3 wk later than those of 1993. Median date of start of laying was significantly latel-in 1992 (13 May) than in 1993 (26 April) (Mann-Whitney U-test = 0.0, p 0.0001; n = 61 in 1992 and n = 77 in 1993) (Fig. 2) . Moreover, the start of laying was more synchronous in 1993 (Inter Quartile Range < 2 d ) than in 1992 (IQR > 5 d) ( Fig. 2) Clutch size and laying interval Modal clutch size was low in 1992 (2 eggs), while it was normal in 1993 (3 eggs) (Fig. 3) . The Likelihood ratio test shows that frequency distributions were sig-(negatives or positives) on the final results are expected (see review in Erwin & Custer 1982). However, the resulting bias using this method may be considered the same in both years, since the number of visits to the enclosures were similar in 1992 and 1993. Nests were also searched once a day for hatched eggs until no new hatchlings were recorded. To detect differences in hatching success, contingency tables and the Fisher Exact Test were used.
Courtship feeding and copulation
Hatching
. nificantly different between years (G-test = 716, df = 3, p < 0.0001) (Fig. 3) . Looking at the standardized residuals, this difference was mainly attributable to the proportions of 2-and 3-egg clutches, although differences in the proportion of l-egg clutches were also present. Clutches laid when trawler discards were not available (1992) tended to have larger laying intervals than those when trawlers operated (1993), but this difference was not significant (U-test = 408.5, p = 0.30). However, trawler discard availability greatly affected the nest desertion during laying, which was significantly higher in 1992 than in 1993 (F exact test, p i 0.001). Egg size variability total of 113 eggs from 46 clutches in 1992 (25 2-egg 21 3-egg clutches) and 205 eggs from 70 clutches 993 (5 2-egg and 65 3-egg clutches) were monitored for egg slze variability. As expected, a significant female effect was found from each combination of year and clutch size, except in 1993 for 2-egg clutches because of the low power of the test (only 5 clutches). Thus, clutch size and year effects were evaluated analyzing the average volume of eggs in a clutch (descriptlves are shown in Table 1) . A significant year effect was found (F = 15.5, df = 1, p < 0.0001), while neither clutch size nor interaction between year and clutch size effects was significant ( F = 0.03, df = l , p >0.5 and F = 1.07, df = 1, p >0.3 respectively).
When the trawling moratorium overlapped with the laylng stage (1992), all the eggs in 3-egg clutches were, on average, smaller than their counterparts in 1993 when trawler activity continued, and largest differences were between first eggs (Fig. 4) . Differences in profile variation of egg size, attending to laying order, were also noticeable (Fig. 4 ) , i.e. when trawler discards were not available, the second egg was larger than first although the difference was not significant, while in 1993 the first egg was significantly larger than the second. In both years, the third egg was significantly smaller than the second (Fig. 4) .
Hatching success
Trawler discard availabiIity largely affected the hatching success of the clutches laid by Audouin's gulls in the Ebro Delta. Hatchlng success was significantly higher in 1993 (discards normally available) than in 1992 (discards not available) (Table 2) , and it decreased by nearly 10% in 1992. Chick size, growth and survival ing that larger eggs produced heavier chicks, especially because they were skeletally bigger, rather than Chick hatching size, mass and condition carrying greater yolk reserves. Table 2 shows that the chicks which hatched from eggs produced by gulls when trawler discards were Chick growth and survival normally available (1993) were initially larger skeletally and significantly heavier than those from eggs During the chick-rearing stage, the moratorium produced when the trawling moratorium overlapped affected almost the whole chick growth period in 1993, with the laying stage (1992), although this moratorium while it did not overlap chick growth in 1992 (Fig. 1) . did not affect the whole hatching stage of either year
The data presented in Figs. 5 & 6 show that chicks of (Fig. 1) . Nevertheless, the differences were only signifthe same age were not heavier in 1992 than those in icant in relation to hatchling mass (Table 2) , suggest-1993. Chick condition throughout the growing period higher in 1992, although differences between years were again not significant (Table 2 ). In
500-
1993, chick survival decreased after the start of the n~oratorium (Fig ?) , though chicks died
400-
significantly younger in 1992 than in 1993
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( Bolton et al. 3.992) . Furthermore, the large differfood constraints occurred during egg formation. That ences in intraclutch egg size variation between years year, the start of the trawling moratorium during the suggest that egg size differences are outcomes of the pre-1.ayi.ng and laying stages generated a short food interaction between physiological and environmental supply. The prolonged laying period recorded sugfactors (Pierotti & Bellrose 1986 , Bolton et al. 1992 . gests that in 1992 it was indeed more difficult for
The volume was larger than in second and/or third egg, suggesting differences in specific nutrients in egg production between years (Bolton et al. 1992) . Moreover, if egg si.ze is reduced before clutch size when resources for egg formation are limited (Martin 1987 . Bolton 1991 However, the situation after hatching reversed in relation to pre-laying and laying stages, and in 1992 discards were available low (Safina et al. 1988 , Monaghan et al. 1989 during chick rearing, which allowed the gulls to feed al. 1994). As Bolton et al. (1992) showed for lesser their nestlings normally. Moreover, the trawling morablack-backed gulls, food supply affected clutch size torium in 1993 did not start until chicks were on averindepen.dently of time of laying, probably d.ue to the age 1 \,vk old, cancelling, only partly, the advantages of level of the pre-laying female body reserves (Houston being heavier (Bolton 1991 , Uttley et al. 1994 , Amundet al. 1983 , Hario et al. 1991 , Bolton et al. 1993 ). In consen 1995) Thus, direct comparisons of chick survival trast, when trawler discards were not available, laying and growth between the 2 years are difficult to make. intervals increased only slightly. This suggests that Most of the differences in chick growth and survival laying interval is less sensitive to fluctuations in food recorded between years were not significant, probably supply, in contrast to that supposed by Lack (1968) or because: first, hatching chick mass was higher in Murton & Westwood (1977 , who strongly correlated since eggs were much larger that year and they probafood supply with typical bird laying interval. As bly had greater growth and survivorship (Parsons Astheimer & Grau (1985 ) stated, rapid yolk deposition 1970 , Nisbet 1978 , Hatchwell & Pellat 1990 , but see (RYD), timing and lag period are very conservative Bolton 1991); second, because the first week of chick processes, and they are relatively unaffected by envirearing in 1993 was not affected by the trawling moraronmental conditions. At the same time, nest desertion torium, probably increasing their subsequent survival d.uring laying was much higher in 1992, probably that year (Bolton 1991) ; and third, gulls might mit~gate because some females were below a critical fitness the lack of trawler discards by increasing nocturnal threshold and they deserted after laying the first egg activity (Oro 1995, Oro et al. 199513 ) and/or the forag- .
ing range (following trawler fleet beyond the moratoHatching success was significantly lower in 1992 rium range, i.e. more than 100 km from the colony; than 1993, probably due to changes in the size and
Arcos , exchanging discards for prey from the quality of the eggs (Coulson & Thomas 1985, rice fields, such as the American crayfish PI-ocarnbarus Bolton et al. 1992) , and also to changes in incubating clarckiior the aquatic beetle Hydrouspistaceus (Oro et attendance or predation rates (Morris 1987 , Hebert & al. 199533, Ruiz et al. 1996 , or diversifying their foragBarclay 1988, Pons 1992, Oro & Martinez-Vilalta ing strategies (showing kleptoparasitic behaviour both 1994a). Nevertheless, although similar studies found interspecific and intraspecific: Oro & Martinez-Vilalta the same effect in hatching success when food was in 1994a, Oro 1996b). The results further indicate that short supply (Baird 1990 , Pons 1992 , most of them Audouin's gull fledgling chicks had growth rates very have recorded no effect on hatching success in poor similar between years, and they may grow at just years (e.g. Monaghan et al. 1989 , Ha.mer et al. 1991 , above a threshold rate under which they normally 1993, Uttley et al. 1994 ). Effects on hatching success died. In fact, the chick fledging condition was very are likely to vary between species and they probably similar in both years. The reversed timing of the trawl- mass. This variation in chick mass may be the direct result of variation in egg size, which is especially related to parental qual~ty (Bolton 1991 , Bolton et al. 1992 ). Thus, hatchling ing moratorium during chick growth, i.e. the moratorium overlapped mainly with laying and incubation in 1992 and mainly with chick rearing in 1993, may also be a proximate determinant of the lack of differences In growth rates. This is in contrast to the results obtained by Monaghan et al. (1989) on Arctic terns or by Uttley et al. (1994) on guillemots, who recorded significantly lower chick growth rates when food availability was low. However, it 1s still unknown how the difference in chick condition at the fledging stage between the 2 years might affect future survivorship and recruitment probability, which are normally constrained by fledgling body condition (Spear et al. 1995) . Moreover, if survival of young to age 1 yr seems to provide a more reliable estimate of recruitment probability and of a parent's reproductive success (Spear & Nur 1994) , breeding success in 1993 was probably overestimated, since that year the trawling moratorium extended after the fledging dates.
The present study has assessed the differences in reproductive performance of the species between 2 years when low food availability occurred in different breeding stages. Thus, these 2 mo moratoria have allowed us to study not only an experimental situation of food shortage affectj.ng the whole colony, but also to assess the breeding performance of Audouin's gulls depending on the breeding stage affected. Basically, the trawling moratorium affected egg production in 1992 and chick rearing in 1993. Therefore, the reproductive success in both years may have been greatly affected, especially when compared with those recorded before the start of the trawling moratorium in 1991 (Oro & Martinez-Vilalta 1992) . However, the reproductive success was n.ot nil either in 1992 or in 1993, probably also because the trawling moratorium never affected the whole breeding season of the species, unlike other studies which recorded total or dramatic breeding decreases during periods of low food availability (Monaghan et al. 1989 , Pons 1992 , see also Oro et al. 1996 for an example of total breeding failure in Audouin's gulls).
Most of the studies dealing with the relationship between the breeding ecology of seabirds and food availability recorded marked decreases in breeding and fledging success, while effects on egg production were not pronounced (e.g Hamer et al. 1991 , probably because chick rearing is the period with the highest energy demand during the breeding season. In the Ebro Delta, the estimated bloenergetic model of the Audouin's gull colony also shows that chick rearing is the most energetically costly stage, 13 % more than egg production (Ruiz et al. 1994) . The effects of the trawling moratorium in the Ebro Delta were as remarkable in fledging success as in those studies, but egg production was also largely affected. Trawler discards represent for Audouin's gull up to 7 0 O/o by biomass of its diet (Ruiz et al. 1994 . Most of the parameters related to egg production were affected, but only fledging success was significantly lower in 1993, while differences in chick growth, fledgling condition, fledging success and total nest failures were small. When the trawler discards are not available, the gulls may compensate for the lack of this main resource by exploiting alternative foraging resources or by increasing the foraging range. Although little is known about long-term changes in clupeoid density in the Mediterranean, it seems that fish catches in the Mediterranean have decreased more than 20% in the last 20 yr, as a result of overfishing and pollution (Safina 1995) . Although clupeoids, especially sardine Sardina pilchardus, are the main prey of Audouin's gulls , during trawling moratorium periods alternative prcy came partly from the rice fields, also suggesting that clupeoid density may have decreased in recent years and is insufficient to maintain the feeding requirements of the colony. Gulls also performed opportunistic foraging strategies, such as interspecific kleptoparasitism on smaller seabird species (Oro 1996b) . Nevertheless, there are great differences in the availability of these secondary feeding resources for the species In this colony between March-April (pre-laying and laying stages) and May-June (chick-rearing stage). The differences related to foraging in the rice fields resulted from the hydrological cycle of the rice culture, since fields are not flooded until the end of April, and the availability of rice field prey increases especially after June (Gonzalez-Solis et al. 1996) . Kleptoparasitic hosts are also only ava.ilable during chick rearing, since all the smaller seabird species arrive to breed at the colony in May. Thus, when the trawling moratorium overlapped with the laying stage (1992), gulls were probably under their buffering capacity because of the lack of alternative prey and foraging strateg~es, as happens in the Audouin's gull colony of the Columbretes Islands, an area also affected by the trawling moratorium, where total breeding failure has been recorded over some years . Moreover, the increase in foraging range was probably limited during pre-laying because of sperm competition (Salzer & Larkin 1990) .
Reproduction was probably more costly in 1993 than in 1992 because the moratorium overlapped with the most energeticall), costly breeding stage (Ruiz et al. 1994) , and also because the number of chicks hatched per nest was much lower In 1992 (low clutch size combined with low hatching success). The overall breeding success indeed declined by 48%, very similar to dec1in.e~ recorded by Pons (1992) , when changes in a refuse tip caused a large decrease in refuse availability. This decline was also very similar to those recorded for the yellow-legged gull in the Ebro Delta as a result of the moratorium (Oro et al. 1995a ), but much higher than those recorded for the lesser black-backed gull (more than 80%; Oro 1996a). Different strategies to compensate for the decrease in trawler discard supply are probably not available for the lesser black-backed gull, such as nocturnal clupeoid catching (used by Audouin's gull; Ruiz et al. 1996) or use of refuse tips (used by yellow-legged gulls; Oro et al. 1995) . Before the establishment of the moratorium, the high food availability around the Ebro Delta colony of Audouin's gull (trawler discards, clupeoid densities, accessory or secondary foraging resources) probably allowed the highest breeding success ever recorded for the species. However, this high breeding success cannot by itself explain the dramatic population growth of this colony. A high adult immigration rate occurring at least during the first years may explain this growth (Ruiz et al. 1994) . Immigration was probably made up of nonbreeding adults who, up to the establishment of this colony, were unable to find a suitable place to breed. In fact, the low number of suitable breeding places and their small surface areas are some of the most important limiting factors for and threats to the species. The Audouin's gull colony has increased since the establishment of the n~oratorium, but since 1994 its growth has seemed to be declining (Oro e t al. 1996) . This is probably due to the lower recruitment rate of birds born in the first years affected by the moratorium, since Audouin's gulls start to breed when they are 3 yr old (Oro & Martinez-Vilalta 1994b , Ruiz et al. 1994 .
The trawling moratorium has affected breeding performance in the last few years, suggesting that gulls are now suffering greater long-term costs of reproduction, probably affecting both adult survival and recruitment rates (Reid 1987 , Jacobsen et al. 1995 . However, the decrease in food availability would not necessarily have to be followed by a significant decrease in adult survival (Pons & Migot 1995) . As predicted by life-history theory, in a long-lived species such as Audouin's gull, a decrease in food supply should affect fecundity before affecting adult survival (Birkhead & Furness 1985 , Pons & Migot 1995 . Nevertheless, this Audouin's gull colony may be threatened if the trawling moratorium is continued for many years, as is currently being negotiated.
